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(S) Cathode ray tube, and method of forming a nongf are film on a display surface thereof. 



(g) A cathode ray tube capable of exhibiting a 
glare-proof effect without lowering the quality 
of a reproduced image and also exhibiting an 
antistatic effect comprises a nonglare film (2) 
formed on a front panel (1) of the cathode ray 
tube by spray coating and having a two-layer 
structure consisting of a visible light absorbing 
layer (2a) containing a Mack dye formed on the 
front panel (1) and an antistatic layer (2b) con- 
taining a metal oxide formed on the visible light 
absorbing layer (2a). A coating liquid to be 
applied to the surface of the front panel (1) 
contains silica and ethylene glycol. The 
ethylene glycol functions to slow a drying rate 
of the coating liquid applied to the surface of 
the front panel (1), thereby allowing flow of the 
coating liquid untQ it is dried. As a result, a 
roughness to be formed by the silica becomes 
gentle when the coating liquid is dried, so that a 
fine roughness can be formed. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a cathode ray tube (CRT) for use in a terminal display for a computer, a 

TV set etc., and more particularly to a coating liquid and a coating method therefor for forming a nonglare fflm 
on a display surface of a display. 

2. Description of Related Art 

10 

In recent years, it has increasingly been demanded to prevent the glare due to reflection of an external 
light on a display surface of a terminal display for a computer, a TV set, etc. 

To meet this demand, there have been proposed various glare-proof means on a CRT, such as by attaching 
a panel formed with a metal multilayer film as an antireflection fHm on a front surface of the CRT, directly forming 
15 a roughness on a front panel itself of the CRT by chemical etching in order to scatter an external light, or forming 
a coating film on a surface of the front panel to exhibit a glare-proof effect (Japanese Patent Laid-open Pub- 
lication-Nos. 60-109134, 60-129778, 60-14685, and 63-80451, for example). 

However, the above-mentioned prior art glare-proof means has the following drawbacks. 

In the glare-proof means realized by attaching the panel formed with the metal multilayer film as the anti- 
20 reflection film on the front surface of the CRT, a cost is greatly increased, and such a CRT is therefore not suit- 
able for general users. 

In the glare-proof means realized by directly forming the roughness on the front panel itself by chemical 
etching in order to scatter an external lightthe cost can be reduced but there is a problem in resolution. 

Further, in the glare-proof means realized by forming the coating film on the surface of the front panel to 
25 exhibit a glare-proof effect, there is a possibility that the quality of a reproduced image is lowered in case of 
applying the glare-proof means to a high-definition type CRT such as a graphic display. That is, enhancement 
of a glare-proof effect causes an increase in scattered light As a result, there occurs a problem such that the 
surface of the front panel looks whitish at a bright place to reduce a sharpness of a reproduced image. 

On the other hand, it is known to form an antistatic film on the surface of the front panel in order to prevent 
30 deposition of dust on the surface of the front panel, for example (Japanese Patent Laid-open Publication Nos. 
61-16452, 1-251545, and 1-276534, for example). In these circumstances, there has been desired a high- 
definition type CRT capable of exhibiting such an antistatic effect as well as the above-mentioned glare-proof 
effect. 

35 SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to provide a cathode ray tube which can exhibit a glare- 
proof effect without lowering the quality of a reproduced image and also exhibit an antistatic effect 

According to one aspect of the present invention, a cathode ray tube having a front panel coated with a 
40 nonglare film having a predetermined surface roughness; is characterized in that said nonglare film has a two- 
layer structure consisting of a visible light absorbing layer containing a black dye and an antistatic lay r con- 
taining an inorganic metal compound. 

With this constitution, a part of light to be scattered by the nonglare film having a certain surface roughness 
is absorbed by the visible light absorbing layer containing the black dye. Accordingly, even when a scattered 
45 light due to an external light increases at a bright place, for example, the surface of the front panel does not 
look whitish, thereby preventing deterioration of a reproduced image. Furthermore, static electricity generated 
on the front panel in the operation of the cathode ray tube is allowed to escape through the antistatic layer con- 
taining the inorganic metal compound. 

Thus, the nonglare film having a two-layer structure consisting of the visible light absorbing layer and the 
50 antistatic layer is formed on the surface of the front panel Accordingly, even when the cathode ray tube is op- 
erated at a bright place, a glare-proof effect can be exhibited without lowering the quality of a reproduced image, 
and an antistatic effect can also be exhibited. 

According to another aspect of the present invention, there is provided a coating liquid for forming a non- 
glare film on a front panel of a display, said coating liquid containing at least a solid content and a water ab- 
55 sorbing solvent 

Further, there is also provided a method of coating a coating liquid for forming a nonglare film on a front 
panel of a display, said coating liquid containing at least a solid content and a water absorbing solvent 
With this constitution, the coating liquid contains the water absorbing solvent in addition to the solid content 
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Accordingly, a drying rat of the coating liquid applied to the surface of the front panel can be slowed down by 
the water absorbing solvent to allow the coating liquid to flow until it ts dried. As a result, when the coating liquid 
is dried.the roughn ss to be formed by the solid content becomes gentle, so that a fine roughness can be formed 
on th surface of the front panel 
5 Thus, the roughness to be formed by the solid content upon drying of the coating film becomes gentle, re- 

sulting in fineness of the roughness. Accordingly, the front panel can exhibit a glare-proof effect as maintaining 
clearness. 

Other objects and features of the invention will be more fully understood from the following detailed de- 
scription and appended claims when taken with the accompanying drawings. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view, partially in section, of a cathode ray tube according to a first preferred embodiment 
of the present invention; 

15 Fig. 2A is a front elevation of a front panel of a cathode ray tube according to second to fifth preferred em- 
bodiments of the present invention, illustrating a luminance distribution; 

Figs. 2B and 2C are graphs illustrating a coating quantity distribution in relation to the luminance distribution 
shown in Fig. 2A; 

Fig. 3A is side and plan views of roughness to be formed on the front panel by applying a coating liquid 
20 not containing ethylene glycol; and 

Fig. 3B is side and plan views similar to Fig. 3A, In case of applying a coating liquid containing ethyten 
glycol. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 

There will now be described some preferred embodiments of the present invention with reference to the 
drawings. 

Fig. 1 is a side view, partially in section, of a cathode ray tube (CRT) according to a first preferred embodi- 
ment of the present invention. The CRT illustrated is of a high-definition type to be applied to a terminal display 
30 for a computer, for example. While a known electron gun or the like (not shown) is provided in the CRT, the 
detailed explanation thereof will be omitted because it is not directly related to the scope of the present inven- 
tion. 

Referring to Fig. 1 , reference numeral 1 denotes a front panel of the CRT, and reference numeral 2 denotes 
a nonglare film formed on the front panel 1 by a method to be hereinafter described. The nonglare film 2 serves 
35 to prevent the glare due to a scattered light The nonglare film 2 has a two-layer structure consisting of a visibl 
light absorbing layer 2a formed on the front panel 1 and an antistatic layer 2b formed on the visible light ab- 
sorbing layer 2a. The visible light absorbing layer 2a contains a black dye to prevent that the front panel 1 looks 
whitish at a bright place, and the antistatic layer 2b contains an inorganic metal compound to prevent deposition 
of dust or the like, electrical shock, etc. due to static electricity. 
40 A forming method for the nonglare film 2 wfll now be described. 

Fast, the front panel 1 of the CRT completed by an ordinary process is heated for drying at 100°C or lower, 
preferably 30 - 60°C. Then, an ethyl silicate solution containing 0.1 - 0.5 wt% of a black dye, which is primarily 
composed of C.I. solvent Black 5, and 1*10 wt% of Si0 2 for scattering of light is sprayed onto a surface of the 
front panel 1 at a flow rate of 0.2 - 0.5 ml/sec. 
45 Thus, the surface of the front panel 1 is subjected to glare-proof treatment so that a surface roughness 
may become R^ ^ 0.3 n m and R 2 ^ 0.2 *i m, and that a visible light absorptivity by the black dye may become 
10 - 30 % (assuming that the absorptivity is 0 % in the absence of the black dye). In this way, the visible light 
absorbing layer 2a is formed. 

In the next step, an ethyl silicate solution containing 40-60 wt% of powder of metal oxide such as tin oxide 
so or indium oxide as a conductive agent In a solid content and 1-10 wt% of powder of SiOz is sprayed onto th 
visible light absorbing layer 2a formed on the surface of the front panel 1 at a flow rate of 0.2 - 0.5 ml/sec. 

A particle size of the powder of the metal oxide is preferably not larger than 0.01 \i m. If the particle size 
is larger than 0.01 \i m, the surface roughness becomes too large In this way, the antistatic layer 2b is form d. 

A concentration of Si0 2 in the ethyl sBicate solution is preferably about several wt%. This is due to the fact 
55 that if the concentration of SiOa is small, the times of coating increase to reduce a production efficiency, while 
If the concentration of SiOj Is large, a coating film becomes ununiform. 

In the next step, the coating film is baked at 1 50 - 200°C for 1 0 - 30 minutes to vaporize an ethyl component 
of the coating liquid, thus completing the nonglare film 2 having a two-layer structure. A thickness of the non- 
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glare film 2 (i.e., a total thickness of the visible light absorbing layer 2a and th antistatic layer 2b) is preferably 
about 0.5 n m. 

An exampl of the above forming m thod for the nonglare film 2 will now be described more concretely. 
First, the surface of the front panel 1 of a 20-inch CRT is cleaned, and it is then preheated at 45°C for 10 
5 minutes. 

Then, an ethyl silicate solution is sprayed onto the surface of the front panel 1 to form the nonglare film 2. 
In this case, each of the visible light absorbing layer 2a and the antistatic layer 2b is formed by spraying the 
ethyl silicate solution for 50 seconds with a distance between the surface of the front panel 1 and a spray nozzle 
(not shown) set to 23 cm. 

10 The ethyl silicate solution for forming the visible light absorbing layer 2a contains 0.3 wt% of a black dye 
and 5 wt% of Si02, while the ethyl silicate solution for forming the antistatic layer 2b contains 50 wt% of m tal 
oxide as a conductive agent in a solid content and 3 wt% of Si0 2 . 

Thereafter, the coating film is baked at 170°C for 20 minutes to form the nonglare film 2 having a fine surface 
roughness. Each of the visible light absorbing layer 2a and the antistatic layer 2b has a thickness of about 0.25 

15 \x m. Further, a visible light absorptivity of the nonglare film 2 is about 30 %. 

According to the first preferred embodiment mentioned above, a part of the light to be scattered by the non- 
glare film 2 having the above-mentioned surface roughness is absorbed by the visible light absorbing layer 2a. 
Accordingly, even when the CRT is used at a bright place exposed to a large quantity of external light, the sur- 
face of the front panel 1 does not look whitish, thereby preventing a reduction in sharpness of a reproduced 

20 image. 

Furthermore, static electricity generated on the front panel 1 during operation of the CRT can be escaped 
through the antistatic layer 2b to the outside, thereby preventing deposition of dust, electrical shock, etc. due 
to charging of the front panel 1 . 

While about 50 wt% of metal oxide is contained in a solid content of the antistatic layer 2b, the nonglare 
25 film 2 has a strength durable to long-term usage since it has a two-layer structure. 

Further, it has been confirmed that the CRT in the first preferred embodiment has a resolution of 60 lines/cm 
or more, thus proving that there is no problem also in resolution. 

There will now be described second to fifth preferred embodiments of the present invention relating to a 
coating liquid and a coating method therefor applied to the glare-proof treatment of a front panel of a CRT, with 
30 reference to Figs. 2 and 3. 

In the second preferred embodiment, a CRT already completed is employed, and a front panel of th CRT 
has a certain luminance distribution. That is, as shown in Fig. 2A, a front panel 1 1 of the CRT has a luminance 
distribution showing a contour line such that a luminance is high at a central portion and it is low at a peripheral 
portion. In a first step of the glare-proof treatment of the front panel 1 1 of the CRT, a surface of the front panel 
35 1 1 is polished with cerium oxide, and the cerium oxide is then removed to thereby dean the surface of th front 
panel 11. 

Then, the front panel 1 1 is preheated to about 40°C for about 10 minutes. Such a preheating step is carried 
out for the purpose of slowing a drying rate of a coating liquid to be applied to the front panel 1 1 later. Further, 
the temperature of 40°C is a temperature controllable through all seasons. If the drying rate of the coating liqu id 
40 is excessively slowed down, the coating liquid flows to become scaly, so that is cannot be put into practical 
use. For these reasons, the temperature of about 40°C is an optimum temperature for preheating of the front 
panel 11. 

In the next step, a coating liquid is sprayed onto the surface of the front panel 1 1 by using a spray coating 
device of a two-fluid air atomizing type. The coating liquid is an ethyl silicate solution containing 0.3 wt% of a 

45 black dye (C.I. solvent Black 5), 3.0 wt% of silica; and 4.0 wt% of ethylene glycol. 

In this case, the coating conditions are a spray air pressure of 2.0 kgfcm 2 . an average particle size of the 
atomized liquid of 20 n m, a standard deviation of the particle size of 5 n m. a spraying rate of 0.4 rril/s c, a 
spraying time of 50 sec for the entire surface of the front surface 1 1 of a 20-inch CRT. and a distance of 330 
mm between a nozzle of the spray coating device and the surface of the front panel 11. 

so Further, a coating speed of a coating robot is controlled as shown in Figs. 2B and 2C so that a coating 
quantity distribution may be related with the luminance distribution of the front panel 1 1 shown in Fig. 2A in 
such a manner that a coating quantity is increased at the central portion having a high luminance and is de- 
creased at the peripheral portion having a low luminance. Then, the CRT is heated by radiation until a temper- 
ature of the surface of the front panel 11 becomes about 140°C, thus drying the coating liquid sprayed onto 

55 the surface of the front panel 1 1 to form a coating film. 

In the CRT manufactured according to the second preferred embodiment, a density of the black dye con- 
tained in the coating film formed n the front panel 1 1 is high at the central portion of the front panel 1 1 and is 
low at the peripheral portion thereof. Such a difference in density of the black dye causes a difference in light 
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transmittance. This difference in light transmittance and a difference in light transmittance shown in Fig. 2A 
counterbalance each other, so that the luminance and the contrast throughout the front panel 1 1 become uni- 
form. Further, sine silica is contain d in the coating liquid, fine roughness is formed on a surface of the coating 
film, so that the coating film serves as a nonglare layer to exhibit a glare-proof effect so that reflection of the 

5 background on the front panel 11 is suppressed. 

Referring to Fig. 3A, if a coating liquid 12 does not contain ethylene glycol as the water absorbing solvent 
according to the present invention, roughness 13 to be formed on the surface of the front panel 1 1 by the silica 
becomes unduly large to cause a defect so that irregular reflection of an external light becomes unduly strong. 
As a result, the surface of the front panel 1 1 looks whitish like a frosted glass. 

10 To the contrary, according to the second preferred embodiment, since the coating liquid 12 contains ethy- 
lene glycol, a drying rate of the coating liquid 12 sprayed onto the surface of the front panel 1 1 is slowed down. 
As a result, the roughness 1 3 to be formed by the silica becomes gentle as shown in Fig. 3B, thereby providing 
clearness of the coating fim as well as the glare-proof effect The water absorbing solvent according to the 
present invention is not limited to ethylene glycol. For example, the water absorbing solvent may include gly- 

15 cerol, diethylene glycol, propylene glycol, triethylene glycol, and hexylene glycol. 

Next, the third preferred embodiment will be described. In the third preferred embodiment, the above- 
mentioned coating liquid is sprayed onto the surface of the front panel 11 in the same manner as that in the 
second preferred embodiment to form a first layer, and thereafter another coating liquid is sprayed onto th 
first layer to form a second layer. 

20 The coating liquid for forming the second layer does not contain a dye but contains 50 wt% of a conductive 
agent in a solid content The other components of the coating liquid are the same as those of the coating liquid 
for forming the first layer. The coating conditions of the coating liquid for the second layer are substantially the 
same as those of the coating liquid for the first layer, but a temperature of the surface of the front panel 1 1 is 
lowered to about 25°C by the coating liquid for the first layer. After spraying the coating liquid for the second 

25 layer, it is dried in the same manner as that in the second preferred embodiment 

In the CRT manufactured according to the third preferred embodiment, the coating film formed on th sur- 
face of the front panel 1 1 has an electrical resistance of1x10 9 -5x10 d ft. That is, the coating film has a 
conductivity to exhibit an antistatic effect Further, the coating fflm has a glossiness (gloss value) of 90 in case 
of an incident angle of 60° . 

30 Next, the fourth preferred embodiment will be described. In the fourth preferred embodiment, the coating 

liquid for the second layer is substantially the same as that in the third preferred embodiment with the exception 
that ethylene glycol is not contained. Furthermore, the coating conditions of the coating liquid for the second 
layer are substantially the same as those in the third preferred embodiment with the exception that the spray 
air pressure is set to 3.5 kg/cm 2 . 

35 In the CRT manufactured according to the fourth preferred embodiment the electrical resistance of the 
coating film formed on the surface of the front panel 1 1 is the same as that in the third preferred embodim nt. 
However, the glossiness in case of an incident angle of 60° is lowered to 50, but a resolution of 65 lines/cm or 
higher is obtained. 

Next the fifth preferred embodiment will be described. In the fifth preferred embodiment the coating film 
40 consisting of the first and second layers is formed in the same manner as that in the third preferred embodim nt 
with the exception that the drying condition of the coating liquid after spray for forming the first and second layers 
is set to about 170°C for about 20 minutes. 

In the third and fifth preferred embodiments mentioned above, the coating liquid for the second layer con- 
tains 4.0 wt% of ethylene glycol in addition to the conductive agent and the silica. A relation between the content 
45 of ethylene glycol and the determination whether or not the glare-proof effect can be exhibited as well as the 
clearness is shown in Table 1. in which O represents the answer of YES,, and x represents the answer of NO. 
As apparent from Table 1 , the content of ethylene glycol is preferably 1 .0 - 8.0 wt%. 
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Table 1 



Content (wt$) 7-inch Flat Panel 14-inch Panel 



0.25 x 
0.5 O 



x 
x 

w 1-0 O O 



2.0 O O 

4-0 o O 

15 B.o o O 



10.0 x 



x 



20 



Further, a relation between the content of ethylene glycol and the glossiness In a 29-inch CRT is shown 
in Table 2. As apparent from Table 2, there is a large difference in the glossiness between the presence and 
the absence of ethylene glycol, but there is not a large difference in the glossiness so far as ethylene glycol is 
contained. 



25 



Table 2 



30 



Content (wts) Glossiness (Gloss Value) 
0 80.4 

35 1.0 87.2 

2.0 88.3 
4.0 86.4 

40 8.0 87.1 



Whfle the invention has been described with reference to specific embodiments, the description is iiiustra- 
45 tive and is not to be construed as limiting the scope of the invention. Various modifications and changes may 
occur to those skilled in the art without departing from the spirit and scope of the invention as defined by the 
appended claims. 



so Claims 

1 . A cathode ray tube having a front panel (1 ) coated with a nonglare film (2) having a predetermined surface 
roughness; characterized in that said nonglare film (2) has a two-layer structure consisting of a visible light 
absorbing layer (2a) containing a black dye and an antistatic layer (2b) containing an inorganic metal com- 

55 pound. 

2. The cathode ray tube as defined in claim 1 , wherein said visible light absorbing layer (2a) further contains 
Si0 2 . 
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3. The cathode ray tube as defined in claim 1, wherein said antistatic layer (2b) further contains Si0 2 . 

4. The cathode ray tube as defined in claim 1, wherein a visible light absorptivity by said black dye is 10 - 
30%. 

5. The cathode ray tube as defined in claim 1, wherein a particle size of said inorganic metal compound is 
not larger than 0.01 \i m. 

6. The cathode ray tube as defined in claim 1 , wherein a thickness of said nonglare film (2) is about 0.5 m. 

7. The cathode ray tube as defined in claim 6 t wherein a thickness of each of said visible light absorbing 
layer (2a) and said antistatic layer (2b) is about 0.25 n m. 



8. A method of forming a nonglare film (2) on a front surface (1 ) of a cathode ray tube, comprising the steps 
of: 

heating for drying said front panel at 30 - 60°C; 

spraying an ethyl silicate solution containing 0.1 - 0.5 wt% of a black dye and 1-10 wt% of Si0 2 
onto a surface of said front panel at a flow rate of 0.2 - 0.5 ml/sec to form a visible light absorbing layer 
(2a); 

spraying an ethyl silicate solution containing 40 - 60 wt% of an inorganic metal compound as a con- 
20 ductive agent in a solid content and 1-10 wt% of Sf0 2 onto a surface of said visible light absorbing layer 

(2a) at a flow rate of 0.2 - 0.5 ml/sec to form an antistatic layer (2b); and 

baking said front panel (1) coated with said visible light absorbing layer (2a) and said antistatic lay r 
(2b) at 1 50 - 200°C for 1 0 - 30 minutes to form said nonglare film (2) having a two-layer structure consisting 
of said visible light absorbing layer (2a) and said antistatic layer (2b). 

25 

9. A coating liquid for forming a nonglare film (2) on a front panel (1 ) of a display, said coating liquid containing 
at least a solid content and a water absorbing solvent. 

10. The coating liquid as defined in claim 9, wherein said solid content comprises a black dye and silica, and 
30 said water absorbing solvent is ethylene glycol. 

11. The coating liquid as defined in claim 9, wherein said nonglare film (2) has a two-layer structure consisting 
of a first layer (2a) formed on said front panel and a second layer (2b) formed on said first layer, and said 
coating liquid comprises a first coating liquid for forming said first layer (2a) and a second coating liquid 

35 for forming said second layer (2b), said first coating liquid containing a black dye, silica, and etylene glycol. 

12. The coating liquid as defined in claim 11, wherein said second coating liquid contains a conductive agent, 
silica, and ethylene glycol. 

13. The coating liquid as defined in claim 1 1 , wherein said second coating liquid contains a conductive ag nt 
40 and silica. 

14. The coating liquid as defined in claim 12, wherein a content of said ethylene glycol is in the range of 1.0 
- 8.0 wt%. 

45 15. The coating liquid as defined in claim 9, wherein said water absorbing solvent is selected from the group 
consisting of ethylene glycol, glycerol, diethylene glycol, propylene glycol, triethyiene glycol, and hexylene 
glycol. 

16. A method of coating a coating liquid for forming a nonglare film (2) on a front panel (1) of a display, said 
so coating liquid containing at least a solid content and a water absorbing solvent 

17. The method as defined In claim 16, wherein said method comprises the steps of. 

cleaning a surface of said front panel (1); 

heating said surface of said front panel (1) to about 40°C for about 10 minutes; 
55 spraying an thyl silicate solution containing a black dye, silica, and ethylene glycol onto said sur- 

face of said front panel to form said nonglare film; and 
drying said nonglar film at about 140°C. 
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18. The method as defined in claim 16, wherein said method comprises the st ps of: 

cleaning a surface of said front panel (1); 

heating said surface of said front panel (1) to about 40°C for about 10 minutes; 

spraying an ethyl silicate solution containing a black dye, silica, and ethylene glycol onto said sur- 
face of said front panel (1) to form a first layer (2a) constituting said nonglare fim (2); 

spraying an ethyl silicate solution containing a conductive agent, silica, and ethylene glycol onto 
said first layer (2a) to form a second layer (2b) constituting said nonglare film (2); 
and 

drying said first and second layers (2a, 2b) at about 140°C. 

19. The method as defined in claim 18, wherein said ethyl silicate solution for forming said second layer (2b) 
excludes said ethylene glycol. 

20. The method as defined in claim 1 8, wherein said first and second layers (2a, 2b) are dried at about 1 70°C 
for about 20 seconds. 
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